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Introduction
Microscopy was already developed in the late 16th century and was initially more for wealthy peoples leisure than science. In modern days, it is still one of the most important tools in diagnostics and process monitoring. In most cases, a microscopic analysis requires expensive devices and trained specialists. In addition, investigations can often only be carried out in laboratories and they are very complex. The documentation is done via computerassisted camera-systems, but automatic image analysis is rarely present.
As "Molecular Biotechnology and Functional Genomics" research group on automated microscopy and image analysis, we developed an automated recognition system of phytoplankton species for the evaluation of freshwaters trophic levels (Schulze et al., 2013) . The requirement of a mobile and affordable microscopic system that enables image analysis "in the field" was an obvious observation from this project.
Based on these results the company Oculyze 1 was founded with the objective to develop such a system and enable everyone to be a microscopy specialist with the support of machine learning analysis algorithms. The company reached that goal by providing a mobile microscopy solution and custom image recognition software for different biological samples.
The recently developed smartphone microscope (Figure 1 ) was used as a technical and economical "proof of concept" for the analysis of yeast in beer breweries. With this system, the control of concentration and viability of yeast cells is possible which is helpful to safeguard good and maintain a constant quality of beer (White and Zainasheff, 2010 
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Page 2 of 3 not for indexing example, lower levels of red blood cell counts are an indicator of anaemia. In most cases, this disease is easy to cure because it is mainly caused by iron deficiency. Unfortunately, it is an under-diagnosed illness because of the elaborate application of a microscopic analysis (WHO, 2008) . A fast and reliable test could improve the welfare of a large percentage of the population.
There are also many less developed countries in tropical regions that have an endemic problem of malaria infections. Still, so far, the gold standard of diagnosis is the microscopic validation of these parasites. The lack of an adequate infrastructure (laboratories, specialised employees) hinders a fast and reliable diagnosis and treatment (Malaria Atlas Project, 2017).
A mobile microscopic system can be used as a point-of-care diagnostic (POCD) tool directly at the patient bed or in remote areas with poor medical supply.
Materials, Methodologies and Techniques
Oculyze has developed a mobile microscopy system that can be used without expert knowledge (Figure 1) . A combination of an optical module, a corresponding smartphone and automated image analysis, enables different cell counting approaches. The whole system (containing hard-and software) is cheaper than a cell counter and does not require trained personnel compared to analysing samples with a laboratory microscope. The optical module enables a 400x magnification with a high resolution of samples. With the connected smartphone, the user can record and analyse microscopic images automatically. Documentation is stored in the cloud, readily available from any internet connected device. The software currently comprises an Android application and cloud-based image analysis algorithms. The captured images are transmitted via mobile network to the cloud server and the results are displayed on the screen after a few seconds.
An uncomplicated adaption of the image analysis software to novel scientific issues is possible. For more challenging tasks, e.g. blood analysis, further developments for an advanced mobile microscope catching the following requirements are necessary (Figure 2 ):
• development of a mobile microscope that can be used with any smartphone or mobile device;
• automatic image recording and adjustable sample holder;
• fast and reliable image analysis for blood samples based on neural networks and deep learning.
Results
At first, requirements for a blood analysis system were evaluated. There are several indicators for the objective to develop a POCD tool:
• simple and fast sample preparation;
• easy to use;
• highly accurate results for diagnostics.
Herein, the sample handling should preferably be carried out by the patient itself -also to avoid the risk of infections. A drop of blood from the fingertip is enough to investigate diagnostic target parameters. It is placed on a microscope slide and white blood cells, thrombocytes and possibly parasites are stained with a DNA-sensitive dye. Operability by user-friendly application needs to be achieved. Yet, the most important point is the diagnostic reliability, which will be achieved with the development of deep learning algorithms and neural networks. The accuracy of this approach is very promising because the results of artificial intelligence programs are the superior Figure 2 . The planned, mobile microscope, consisting of a high-resolution camera, external illumination and a motorised sample holder, is connected via USB to a smartphone or another mobile device (laptop, tablet). An application on this device controls the external camera and transmits the captured images encrypted to a cloud platform. There the image analysis and recognition are carried out, the results are transferred back to the smartphone or to a doctor/health centre.
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in image recognition compared to other algorithmic models (LeCun et al., 2015) .
Conclusions
At the present state, a fast and simple preparation and microscopy of blood samples with the recent system can be achieved. Nevertheless, the current magnification of 400x is sub-optimal for the analysis of small blood components (thrombocytes, parasites). Also for the reliability of diagnostic results, many images of one sample are essential. Therefore further development of the system is imperative. Furthermore, it can be said that nearly every application in medicine/diagnostics, environmental and food technology is imaginable, where mobile microscopy and automated analysis is advantageous. This opportunity will also enable many researchers to investigate biological samples of their area in a more efficient way. 
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